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Ey 3obert  X. I C m  and FrwAk S. Lialvestuto, Jr, 

Tests  or“ spin-recovery ,nar’ac’nutes on s i x  m d s l s  o f  
ty,>ical f i c h t e r  and t r>al  n s r  alrFlai ies  W3i-e concuctec! 
i n  the  Lnngle>T 20-foot free-sIJinnlag tulinel t o  ob ta in  
d a t a  for c o r r e l a t i n g  mo&l aizd f u l l - s c a l e  r e s u l t s .  
Parachutes attache; t o  t’te ta’l e: lkie models, t o  tlie 
ou te r  wing t i p  ( l e f t  win,- t i p  ror a rig’it s p i n ) ,  t o  the 
inner wing t i p ,  and t o  bo th  wing t l p s  were t e s t e d .  

The r e s u l t s  ind ica ted  that  psrachu2es of Lhe s m e  
s i z e  and t;pe were more e f f e= i ; lve  as spin-recovery 
devices  when they  wei’e attached t o  the ou te r  wing t i p  
i n  the sp in  than when they were a t tached  t o  t h o  t a i l .  
The diaine t e r  of the o c t e r  v:ing-’ifp parashEte requi red  
for a 2- turn  recovery b y  parachute a c t i o n  alone var ied  
froin 4 t o  7 f e e t .  Parachutes citaclied t o  the i m e r  
win;. ti:, would not e f f e c t  recovery. 
a t tached  t o  both wi~g t i p s  were use< f o r  recovery, tlie 
pai’achvte diameters r e q u i r e d  were 01’ the same order  as 
f o r  t a i l  parachutes.  The diameter o f  t’ie t a t 1  parachute 
reqiJired f o r  a 2- turn recovery by  pa rach i t e  a c t ?  on alone 
var led f:-om 6.5 t o  12.5 f e e t  f o r  the a i rp l ane  designs 
used. 

W e n  psrackutes  

INTRGDUC T I Oil 

I n  order  $0 ob ta in  d a t a  f o r  a c o r r e l a t i o n  between 
model azd fli@it, t e s t s  of spin-recovery par’achutes, t e s t s  
werg coxiuctec? wl th  s i x  atrglarie models of’ sinGle-engine 
desi,kn. 
parachutes as spin-recovery devices was determined f o r  
these models . The spin-recovery pai-achcte i s  normally 

The e f f e c t i v e n s s s  of both t a j l  ard wtng-tip 



u s 2 2  o ~ . l y  as a temporary ernercencg s a f e t y  fievice dur inz  
s p i n  dwionstrat ions s o  t h a t  r a p i G  recover ies  from 
uiicontrollable sp ins  mag be obtaine2 Available f l i g h t  
and !??ode1 t e s t  d a t a  on the use of t a i l  narachxtes a s  
s~ i r i - r ezov~r ;7  devj.ces are presented i n  Teference 1, and 
t h e  r e su l t s  of  tn3se t e s t s  ind ica ted  t h a t  a i r p l a n e s  
weighing between 7500 ane L!t,GOG pounds r equ i r e  t a i l  
parachutes havinz diameters 0.r a.>?lloxinately 8 f e e t  
(based oil a drag c o e f f i c i e n t  of  ?..02) ar,d towline 
lengths  between 20 and 53  f e e t  i n  ordeT t o  ob ta in  
s a t i s f a c t o r y  recover ies  by the use o f  the  parachutes 
alone 

R:ssvlts a r e  uressnted. h a r c i a  of th?e i n v e s t i g a t i o n  
of the  sPx a i r p l a n s  nodels ,  designated niodels A, 3, C ,  
D, E, ant' F', wfth spin-recovery pairachutes a t tached  
3ii;:ier to the t a i l  o r  t o  tka xing t i p s  of the nodels  
foi- the norinal loading condi t ions ,  On each model, t a i l  
ard viin:;-tip parachute3 of v a r i o u s  s i z e s  ware t e s  Led wi th  
severa l  l sng ths  of l i n e  eormecting the  pai-ac!iute t o  the 
a i rp lane .  The r e s u l t s  are alaIyz3:d t o  show the m i n i m . u m  
s a t i s f a c t o r y  s i z e  of the parachv.tz and the optimum length 
o f  tl-ic towline f o r  spin-recovery-parachute i n s t a l l a t i o n s  
B r i e f  a d d i t i o n a l  t e s t s  were cond.ucted t o  i n m s t i g a t e  the 
e f f e c t  of mass v a r i a t i o n s  on .the e f f e c t i v e n e s s  of the 
spin-recovery parachctes  when z t t ache6  t s  the yiing and. 
the e f f s c t  on recovery of sirnultaieoixslg opening a t a i l  
parachute and n e u t r a l i z i n g  the ruclcler. For one Rodel ,  
t e s t s  were macle a t  two equiva len t  s p i n  a l t i t u d e s  t o  
determine whather a l t t t u d e  c r i t i c a l l y  af.ractad t a i l  - o r  
wing-tip-parachiite e f f s c t i v e n e s s  . 

T:Yc) of the models ( A  and E )  hsd been Lsed i n  the 
i n v e s t i g a t l o n  of t a i l  parachutes m p o r t e d  i n  refer-3nce 1 
and t e s t s  of t a l l  parachutes were accordingly n o t  repeated 
f o r  . these two models. The  r e s u l t s  obtained i n  the  
previous i n v e s t i g a t i o n  are included hcwever i n  the present  
paper , 
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Ix, Iy, and Iz moments of i n e r t i a  about  the X, Y, and 2 
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APPAZATUS A N I  IJODELS 

The t e s t s  were performed i n  the Langley 20-foot  
f ree-spinning t u m e l ,  the  opera t ion  of which i s  s i m i l a r  
t o  t ha t  of the 15 - foo t  f ree-sp inning  tunnel  descr ibed 
i n  reference 2 .  

blodels A,  3,  C ,  and D, used i n  the i n v e s t i g a t i o n ,  
represented t y p i c a l  f i g h t e r  a i r p l a n e s ,  whereas xodels  E 
an2 F represented t y p i c a l  t r a ine r - type  a i r p l a n e s  . The 
design c h a r a c t e y i s t i c s  of the a i r p l a n e s  represented by 
the models a re  oresented b r i e f l y  i n  t a b l e  I and three-  
view drawings of t he  models used i n  t3e t e s t s  i n  the 
LangleT 20-foot free-spinninG twkrel a re  p’resented as 
fiGures 1 t o  6 ,  

The genera l  cons t ruc t ion  of  the s p i n  models i s  
described i n  reference 2. Br i e f ly ,  the nodels ,  con- 
s t ruc t ed  o f  b a l s a ,  a re  dimensionall-y r ep resen ta t ive  of 
the corresponding a i rp l ane  and are  b a l l a s t e d  f o r  
dynamic s i m i l a r i t y  t o  tke corresFonding airp!.ane Sy  the  
i n s t a l l a t i o n  o f  proper-s ize  lead  weights a t  s u i t a b l e  
loca t ions .  

The nodel parachutes used for most of the t e s t s  vere  
the same ones use6 f o r  the i n v e s t i g a t i o n  reported i n  
reference 1 and were made o f  parachute s i l k .  The s k i r t s  
o f  these Varachutes were not  hexmed, nor were the para- 
chutes made of ind iv idua l  pane ls ,  They were c i r c u l a r  
and when spread ou.t o n  a f l a t  sur face  formed a d i sk .  
C i rcu la r  vent openings were c c t  i n  the cen te r  of  t he  
parachutes and were made one-twelf th  o f  th2 d i a x e t e r  of  
the parachute when spread out on a f l a t  sur face  i n  order 
t o  simulate approximately f u l l - s c a l e  vent openings. 
Eight shroud l i n e s  o f  equal  l eng th  were evenly spaced on 
the periphery of the parachute . The shroud-line lengths  
were made l .35 t i m s  the diameter o f  the parachute 
because i t  has prev ious ly  been found ( r e fe rence  3 )  t h a t  
w i t h  shroud l i n e s  g r e a t e r  than 1.25 tlmes the diameter,  
the drag c o e f f i c i e n t  v a r i e s  on ly  s l i g h t l y  with change 
i n  shroud-line length  , 

In order  t o  determine whether d e t a i l s  o f  construc-  
t i o n  a f fec ted  the a c t i o n  of‘ the parachxtes ,  a few 
parachutes were constructed t o  s imulate  more n e a r l y  
f u l l - s c a l e  parachutes - t h a t  i s ,  the s k i r t s  viere hernrned 



NACA A3IR No. b’jGl9a 5 

c 

ar?d the Yzrachutes were made o f  i nd iv idua l  panels  sewed 
together  ( f i g .  7 )  Ten panels and ten shroud l i n e s  mere 
a r b i t r a r i l y  used f o r  these pariachuteso 

TJ3STS 

The s p i n - t e s t i n g  technique used i n  the Langley f r e e -  
spinning tunnels  i s  descr ibed i n  d e t a i l  i n  re ference  2. 
Br i e f ly ,  the nodels with the rudder s e t  f o r  the s p i n  a re  
launched by hand ( t k i s  procedure supersedes the launching- 
sp indle  method descr ibed i n  reference 2 )  i n  a spinning 
a t t i t u d e  i n t o  the v e r t i c a l  upaard a i r  stream of tile 
t w r r e l .  Tne airspeed i s  ad jus t sd  t o  equal  She nornlal 
r a t e  o f  descent o f  the nodel.  A i>erriote-control nechanisrn 
i s  i n s t a l l e d  i n  t h e  models t o  ac tua t e  the c o n t r o l s  o r  t o  
r e l e a s e  the parachute f o r  recovepy a t t e n p t s .  

For t e s t s  with the parachute mounted a t  the t a i l ,  
most recover ies  were attempted Sp e j e c t i n g  the Darachute 
f r o m  a conta-iner (as  described i n  re fe ixnce  1). The 
ruclber was kept w i t h  the sp in  during recovery s o  t h a t  
the e f f e c t i v e n e s s  of  t h e  paruchuts alonc cou2.d be obtained. 
In aefiiition, a number of t e s t s  wsrc conducted i n  vhich, 
for recovery,  the ruclc’er was n.eut?slizcd a t  the sarce time 
t h a t  the parachute was opened s o  t h t  the combined e f r e c t  
o f  opening the parachute and n e u t r a l i z i n g  the rudder could 
be evaluated.  

702 the i n v s s t i g a t i o n  of wing-tip parachutes,  the  
parachiites were .noii.ntsd on the upyer sur face  of  the  wing 
Rear t3e wins ti?. Figxre 8 shows the type of instal- 
l a t i o n  used. For rt tempted recover ies ,  e. rubber band 
hold in2  the packed model parachute t o  the wing was 
r e l e a s e d  by the remote-control m$ckianism aqd the ;?arachute 
WGS opened inerely by  the ac t ion  o f  the h i r  stream over 
the wing. 

Tes ts  ::{ere ;nade t o  determine the parachute ef‘fcc- 
t i veness  with the lcading along the wings and along the 
fuselage var led f o r  s e v e r a l  of’ t h e  models. Table I1 
presen t s  the  n,ass parameters o f  the models for t h e  
normal icadiiig condi t lon  aqd f o r  the a l t e r n a t e  loading 

ly - Iy Iy - Iz 
cond it- lons The Isararne t e r s  , 

mb2 ’ mb2 

tLon of t he  mass a lons  the three body axes. 
a r e  ind ica t ive  o f  the r e l a t i v e  d i s t r i h -  IZ - *x 

and ynbz 
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A s  previous ly  mentioned, t e s t s  o f  both t a i l  and 
wing-tip parachutes were made for one model b a l l a s t e d  
t o  represent  the corresponding a i r p l a n e  a t  a l t i t u d e s  
o f  10,000 and 20,000 f e e t .  

FiZSVLTS AND PRECISIOIL' 

The r e s u l t s  of the i n v e s t i g a t i o n  are  surnnarized i n  
t a b l e s  I11 t o  V I 1 1  and f i g u r e s  9 t o  27. 

The drag  c o e f f i c i e n t s  of the model parachutes were 
found- t o  be anproximatelg 0.73 (based on f l a t  a r e a )  by 
determining i n  the turmel the r a t e s  of descent  of the 
f r e e l y  f a l l i n g  model parachutes wi th  var ious weights 
a t tached.  The fu l l - sca le -parachute  diameters r e f e r r e d  
t o  here in  were obtained by  s c a l i n g  up the  model valxies, 
inasmuch a3 a t  the present  tlme only l imi t ed  d a t a  a re  
ava i l ab le  on the coi7rect value of the drag c o e f f i c i e n t s  
of  f r e e l y  f a l l i n g  f u l l - s c a l e  parachutes.  Reference 3 
i n d i c a t e s  t h a t  the  drag c o e f f i c i e n t  0.73 obtained f o r  
model parachutss i s  wi th in  the range of values of  drag 
c o e f f i c i e n t s  0.62 t o  0.79 obtained f o r  f r e e l y  f a l l i n g  
f u l l - s c a l e  s i l k  a n t i s p i n  parachutes . I n  reference 1, 
the parachute diameters were cor rec ted  for a d i f f e r e n c e  
i n  drag c o e f f i c i e n t  between model and f u l l - s c a l e  para- 
chutes  on th.e assumption t h a t  Lhe 6 r a g  c o e f f i c i e n t  of 
f u l l - s c a l e  parachutes was 1.02, In order  t o  s e l e c t  
the f u l l - s c a l e  parachute,  i t  is t he re fo re  necessary t o  
know the drag c o e f f i c i e n t  of  the f u l l - s c a l e  parachute 
and. t o  co r rec t  the parachute diameter  f o r  any d i f f e rence  
i n  drag c o e f f i c i e n t  between the f u l l - s c a l e  parachute and 
tine model parachute t o  ob ta in  the same drag .  An example 
showing the niethod used t o  de t e rn ine  the c o r r e c t  diameter 
f o r  f u l l - s c a l e  parachutes,  based on drag c o e f f i c i e n t s  o f  
model parachutes,  i s  given i n  the a?pendix. 

The parameters given i n  t a b l e  I11 present  the steady- 
s p i n  c h a r a c t e r i s t i c s  of  the rnor'els j u s t  p r i o r  t o  attempted 
recoveries .  A l l  the models used i n  the present  i nves t iga -  
t i o n  had Previously been t e s t e d  and repa i red  ex tens ive ly .  
A s  a r e s u l t ,  the  s teady-spin c h a r a c t e r i s t i c s  presented i n  
t a b l e  I11 a re  somewhat d i f f e r e n t  from those obtained 
during the previous rou t ine  i n v e s t i g a t i o n s  o f  the models 
bu t  are considered to be accura te  enough t o  give depend- 
able  r e s u l t s  for the present  i n v e s t i g a t i o n .  



I "  

! .  

!??-e s teady-spin parameters ?resented i n  t a b l e  XI1 
a r e  bel ieved t o  be the t r u e  values ziven by the nodel 
w i th in  the followirig l i m i t s  : 

a, cizgrees . . . . . . . . . . . . . . . . . . . . .  $1 
$, degrees . . . . . . . . . . . . . . . . . . . . .  +1 
V ,  Fercent  . . . . . . . . . . . . . . . . . . . . .  f2 
n,,e,,e,t . . . . . . . . . . . . . . . . . . . . . .  f2 

I;cst o f  the rzcoveyy da ta  p l o t t e d  i n  the f i g u r e s  
were obtained from f i h  records  and a re  bel ieved t o  
be the t rue  valTiss Given by t h e  ;*;odel.s w i th ln  ?r tu rn .  
A few 0," the r s c o v e r i e s  were oSts ined by v?,s?lal e s t i m s t e s  

1 
4 

1 I 
+- tu rn .  and a re  bel ieved t o  So accurate wi th in  -2 

i) ISC uss I O N  

Pzlrachvte Construct ion  

The r e s u l t s  o f  b r i e f  t 4 s t s  t h a t  vere conducted t o  
coxpare the drag c o e f f i c i e n t s  and e f f e c t i v e n e s s  02 the 
p l a i n  f a b r i c a t e d  model parackil.tas m e d  i n  the inves t iga-  
t i o n  repor ted  i n  reference 1 b i i t h .  tha Crag c o e f f i c i e n t s  
and e f f e c t i v e n e s s  o f  pcrachutes ,?iore 7iearly approxinat ing 
f u l l - s c a l e  constr:.zction, as ahowa i n  f i , r w e  7, showcd 
t h a t  the drag c o e f f i c i e n t s  of' khs 6 i f f e r c n t l y  cons t ruc ted  
parachutes were s h i l a r  and t h a t  the parachutes h a d  .the 
sa:m e f f e c t i v e n e s s  of operat ion during node1 t 3 s t s .  Xost 
of' t h e  t e s t s  wsre therefore  cor_!lucted x i t h  the p l a i n  
f a b r i c a t e d  Darachutes s ince  t ' x s e  yarachutes wera r ead i ly  
a v a i l a b l e  i n  all s i zes .  

The  vait iation of' t u rns  f o r  recover;? :;l.ith t a i l -  
parachute diclime t e r  lora  the nc imal -cont ro l  con f igu ra t ion  
f o r  sp inning  (rudder f ~ l l  vif~th the  s ~ i n ,  e l e v a t o r  f u l l  
up, ane a i l c r o n s  neutral ), f c r  C:ie e l e  vcitor-neutral 
posP. t ion ( a i l e r o n s  n e u t r n l ) ,  an?' for: the elavator-down 
position ( a i l e r o n s  n e u t r a l  ) are p x s 3 n t e d  i n  i ' igures $, 
10, and 1-1, r e spec t ive ly .  3ecovl?iqieS were attempted by 
e jetting t3e parachute from a cy!.Znder i n s t a l l e d  nea? 
the tail, In f igu res  9, 10, 11, aiid t h e  fol lowing 
gi-spks, the arrows on the ends o f  sone of  the curves 



m a n  ';!rat the nodel d i d  n o t  recovey i n  t h  nixnber of 
turr?S indicated. Pax?:s of  -Lie c i r v e s  falling between. 
po in ts  represent ing  a diameter t h a t  gcve recovery and 
one tha t  d i d  not  give recovery a re  dashcd t o  indi.cata 
t h a t  t:.e fairing o f  t h a t  part o f  the  cu-rve i s  
questionaSle.  

FGP a constant  towline IsmgtL t l i ~  turns f o r  racoverg 
genera l ly  decreased 9s the t z i l - , r ? a r a s h t e  dia;:iet;er 
5-ncre ase d . 
require6 t~ e f f e c t  a recovei-y f rm tila sp in  in 2 turils a t  
the normal-control cozi,i;'l_gurat ion are smrcsr ized  i n  
tub13 IV and var ied from 6.5 t o  12.j  f e e t .  

The a p p r  ox ima t e full. - s c a l e  - p h r  ackiute 2 i axe t CY s 

Tlie e f f e c t  of' sinni::.lta;ieou.sly openfng a t a i l  
p?araci?:,ui;e xqd n e u t r a l i z i n g  the ruuCler 2.s presentee ill 
t a b l e  Y f c r  t'7.e 117, i l ea t r a l ,  a.cd donn pos i t i ons  of  the 
elevator ( a l l e r o n s  neutral). X3utra l iz ing  t h e  i-i~.dder 
in con-j-~~..ct;on with opening the narachute was sorievhat 
berieficial  f o r  a l l  condi t ions  t e s t e d .  
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dioes I t ;  v a r r  d i r e c t l y  7f.ith L-he weight o f  ths a i rp l ane .  
>or  exarmle, air.nl-ane C having a g r o s s  weight o f  
7406 po.mds requi red  a 9-foot t a i l  parachute and a i r -  
plane 0 l x v i n g  a gross w3i;i;h.t o f  2311 pounds requi red  a 
12.5-foot t a i l  parachute,  but  a i rp l ane  E having a gross  
weight o f  9277 pounds (1256 p0unG.s more than the p o s s  
weight o f  a i rp l ane  D) required a 9 - f o o t  parachute f o r  
s a t i s f a c t o r y  recovery f r o n  th s  spin.  

Parac3utcs tiounted cn @ u t e r  2ing T i ?  

The wing-tip parachutes,  mentioned p e  vio1xsly, were 
moimted on the upper  surface o f  the wing near  the winG 
t i p ,  as shown i n  f i s u r e  3. I n  some cases ,  the protuberance 
o f  the packed parachute a f fec ted  the s t eady  sp in  of' the 
mod.21, and f o r  each s e r i e s  of  Ses t s  determinat ion of  the  
l o c a t i o n  st which t o  place the parachute pack was necessary  
s o  t h a t  the s teady-spin c h a r a c t e r i s t i c s  o f  the rriodel were 
no t  ckiznged. For this rsuson, i r is ta l - l ing the parachutes 
on the sur face  cf bhe wing of a i rp l anes  i s  not, considered 
advisable .  ,The parachcte packs should i n s t ead  be placed 
i n s i d e  the wing and p-ovisl.cn should be ;;lace t o  e j e c t  
t3e Darachutes i s t o  the air stream. 

The vari .ation o f  turns  f o r  recovery with parachute 
diameter Cor IJarachutes nounted on the outer  wing t i p  
( l e f t  wing t i p  Fn a r i g h t  s p i n )  f o r  sp ins  with the 
e l e v a t o r  up, n e u t r a l ,  and down a re  presented i n  f ig -  
u re s  13, IL, and 15, respec t ive ly .  
a c t i o n  o f  .the outer  wing-tip parachute i n  e f f e c t i n g  a 
recovery frm the spin.  The towline lelrgths were 
g e n e r a l l y  made approximately equal t o  the sernisFan of 
the a i rp l anes .  In general ,  f o r  a l l  :iiodeIs a l a r g e r  wing- 
t i p  parachute was requirec?. t o  e f f e c t  recovery f ro in  s p i n s  
w i t h  the e l e v a t o r  n s u t r a l  o r  4!oTun than from sp ins  wi th  
the e ieva . tc r  u?. The d i m e t e r s  of  the ou te r  w h g - t i p  
parachutes required t o  e f f e c t  a recoyrery i n  2 tu rns  from 
the  s p i n  a t  the normal con t ro l  conZiguratlon f o r  spinning 
a re  g ivsn  I n  t a b l e  IV for a l l  the mode l s  azd var ied 
from 4 t o  7 f e e t .  

F i s w e  16 shows the 

The Fesu l t s  i n  t ab le  IV ind ica te  t h a t  f o r  the moclels 
t e s t e d ,  a Tjarachute a t tached to i-he ou te r  wing t i p  i s  
X O i q e  e f f e c t i v e  as EL spin-recoveriy Sovice than the same 
s i z e  papachute a t tached t o  t k e  t a i l .  
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Fig:li-e 17 ;?resGr,ts t e s t  i*esU.lts show:-ng the var i -  
a t i o n  of t:nms f o r  reccvery nith towline l eng th  f o r  
wii?_ng-tir; parachutes f o r  the eLo vator-up sp ins .  Towline 
1e;zgtki i l l i t  no t a p p  ai7 t o  inf1:iencs tne e f f e  c t i -%em s s o f  
t.ke ?arackutes aypreciably.  '?hen no tomllr,e was use2 
(cr when the towlinc: was very s h o r t ) ,  nowever, the 
parac3utes soxetirnes f l u t t e r e l  i n  the wake of the wing 
a s  s5ov:n in f igure  13 (frames l b  and 15) and d id  n o t  
funct ion p-opzrly.  I f  l o ~ g  t o a l i n e s  ( towi ines  approxi- 
mately equel  t o  o r  gi-eater theil viing span)  a re  used t o  
a t t z c h  tne parnch.uCa t o  -:he ldviilg t i n ,  there  i s  the 
possibi1it;T o f  the parachute and towline f c u l i n g  the 
tail o r  fuselage of the aj_rplarie AS shown i n  f i g u r e  19 
( fraraes !.+3 and & )  . It i s  recmmsnde?-, t h e r e f o m  , that  
tk;8 lor,gth of 'the towlines bs -.,ur,h t h a t  when fu, l ly  
extenderj .khe parachute j u s t  !:iiases both  the tail. and the 
fuselage . 

3riz-T t e s t s  ( t a s t  r e s u l t s  110.b ?;i?essi1ted) made wit3 
parachutes aktached t o  the ifinei? wing t i p  (?i&--it '~'~ir';- Ab 
t i p  i n  8 c igh t  s p i n )  ind ica ted  t h a t  narachutes on %he 
immr wing t i p   ill n o t  e.fi'ect a s a t i s f a c  Lory recovery 
frcm .:be s2i.n. For some cases  use of' the ;?arachutes 
was observsd t o  f l a t t e n  the sp in .  It i s ,  t he re fo re ,  
very i.uportant t o  use c2re i n  open.in.2 %he c o r r e c t  wing- 
t i p  parachute f o r  attempted reco-mries  f r o m  spins.  

Parachutes Nounted on Both Wing T l p s  

iTI1- :e simultareoas oyenins 02' two i d k n t i c a l  par*achutes, 
one xcunted on each wing t t p  - -  Y would ellniinate the fiazards 
encountered in using only one vting-t.iy parachute - the 
hazards are the p o s s i b i l i t y  o f  openiilg the vwons parachute 
oj? t he  danger oj? 3eln.S :'arced i i l t o  a sp in  ii1 the opposi te  
dlrec.Lion by a lcrge wing-t ip  parachute ( see  f i z .  2 C )  L f  
the :?.iarack.,utc i s  iict released i ~ ~ i i ~ ~ d i ~ t ~ l y  u f t e r  recovery.  

17 die 1 a f f e c t  of pal-achute dfaixetei? for elevator-up,  e l eva to r -  
n,m ut ,al, .- and elevstor-down spins on turns f o r  recovarg  
attemp-ked Lg s inul tan9ous lg  oFZnin2 parachzte s 011 both 
wing t i p s  is prassn ted  in f ' L g ; - u e s  21, 22, anc?. 23,  
re s pe c t i ve 1y . 
iip spins could no.;; be e f f e s t e d  f o r  noi?i?ls A, 5, E, an<. F 
w2-th tiie largest pkrachztes t e s  ts2.  Ths r e s u l t s  f o r  rnod~ls  H, 
s, m d  F were r t o t  p l o t t e d  bsca.use, f o r  kh2 s i z e  o f  the 

Sat  i s f ac: -t o r  ;,r i.e c o m  7 i e  s fr Lki e e l e  va t  o r  - 

I 
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parachutes inves t iga ted ,  recoveries  coiild not  be obtained 
f r o m  snins .  b l o d ~ l s  C and D required. approximately % f o o t  
parachutes f o r  a 2-turn recovery. The r e s u l t s  presented 
i n  f i g u r e s  21 t o  23 i nd ica t e  that moving the  e l e v a t o r  
f u l l  down i n  conjunction with opening the parachutes 
may be d e s i r a b l e  i n  o r d e r  t o  ob ta in  Yecovery from spins 
by simultansou-sly opening parachutes xounted on both 
wing t i p s .  

A coinnarison of the r e s u l t s  ?resented in  t a b l e  I V  
shows t h a t  auch l a r g e r  parachutes w i l l  be requi red  t o  
o b t a i n  sa t  i s  f ac  t ory recover ies  by opening parachute s 
mounted on both  wing t i p s  than by opening one parachute 
mounted on the o u t s r  wing t i p .  In  order  t o  o b t a i n  
s a t i s f a c t o r y  r e  cove r i e s  by opening parachutes fas tened  
t o  each wing t i p ,  the parachute diameters  may have t o  be 
a s  l a r g e  or l a r g e r  than the diameter f o r  t a i l  parachutes.  

Figure 24. s’nows the e f f e c t  o f  towline l e n g t h  on 
tu rns  f o r  recovery attempted b y  the  use o f  Tarachutes 
mounted on bo th  w h g  t i 2 s  f o r  tlie elevator-down condi- 
t i o n .  A s  was the case f o r  parachutes mounted on the 
o u t e r  wing t i p ,  towline length gene ra l ly  had l i t t l e  
e f f e c t  on turns  for recovery. Nhen the towlines  were 
t o o  long (equal  t o  the span) ,  however, they  f r equen t ly  
becme tangled with each o t h e r  aqd d i d  n o t  e f f e c t  
recovsry.  The r e s u l t s  presented i n  f i z u r e  24 a re  for 
the cases  i n  v:hich the parachutes opened proper ly  with- 
out tangl ing.  

Loading Variations 

In o r d s r  t o  determine whetheT v a r i a t i o n s  i n  loading 
o f  i;he models would influence the e f f e c t i v e n e s s  of 
parachutes ,  t e s t s  were nade on some o f  the models w i t h  
the loadtrig varied along the vrinzs and fuselage.  

Bpief’ t e s t s  of ou ter  wing-C;lp parachutes were made 
on four of the models with the loading along the wings 
increased and on one of these four  models with the 
loading along the fuselage increased. The r e s u l t s ,  
which a re  s u m a r i z e d  i n  table  V I ,  i n d i c a t e  t h a t  extreme 
inc reases  i n  the  loadin2 along t k  wings had l i t t l e  
e r f e c t  on the recover ies  oStained by oi?en%ng parachutes 
f a s t ened  t o  Lhe ou te r  wing ti:, for models A and E but 
had zin adverse e f f e c t  for models C and A moderate 
increase  i n  the loading along the fuse lage  had l i t t l e  
e f f e c t  on recover ies  of  model F. 
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T&le V I 1  su i i -a r lzes  the e f f e c t  o f  loading var i -  
a t i o n s  on the recover ies  Dbtafned by s i au l t aneous ly  
opening parachutes moucted on both wing t i p s  f o r  models C, 
E, and F. With the loadiag  a1ons the wings increased 
f'cr 'aodeI C ,  r ecover les  were slower than fer the normal 
i o a d i n g  conditior,.  A s  mentionee previously,  recover ies  
coul-d not; be e f f e c t e d  foi- xode l s  k3 Qnd F In  t h e i r  nor:ral 
loading conbi t ions,  2nd increas ing  the l o d i n g  along the  
wings of these modsls k ~ a d  no no t i ceab l s  e f f e c t  on recover1T. 
ii moc7,erate incrzass  in loading alons -5ie f-clselage h a d  no 
aF:p*eciable e f f e c t  on tne recov3rfes  o f  model F. 

Wief t e s t s  were zade with irCde1 I3 t o  de te rn ine  the 
eF'fg3ct o_" losd lng  -;arriations on r e c o t r c ~ f 3 3  attempixd by 
s imul tmeozs ly  cpenixq a t a i l  --aracliute anC ne i i t r a l i z ing  
t3s rucijer. The r e s c l t s  arc :-,resented i n  t a b l e  VII? a d  
shclw t l - a t  moderate increases  02 6ecre:ises of mass along 
t k a  fuselaze ax? wings d i d  no t  aTnrecia5ly a f f e c t  t he  
rccDveriBs. 

.WieT t e s t s  V J ? ~ Z I  coii(qc'LcteC! wi.th node1 E t o  detem:im 
whether va r i a t ions  2.n t e s t  zi.Li tude r ~ o u l d  inflwr:ce the 
e f f ec t iveness  of spin-recovery parachztes  tor t h i s  a i r -  
plane. Ti>e r.;odsl was t e s t e 2  si; si:xulated t e s t  al'citixdss 
of lC,OC@ and 2 u , O G ? 3  f e e t .  The i a e s u l t s  a r e  presented 
i n  fi;;urcs25 t o  27. Based on tbese mezigei- r e s x l t s ,  
t he re  arj'ears t o  be l i t t l e  ei 'fect of  a l t i t u d e  on the 
optimu.? s i z e  of wing-tip or t a i l  parachute pequired for 
s a t f s f a c t o r g  recovery. The t e s t  a l - t i t ~ ~ l e  also had 
I - i t t l e  e f f ' sc t  on the v a r i a t i o n  of turns f o r  recovery 
with towline lsngtk: f'cr parachutes a t t ache6  t o  the t a i l .  

tic t i on o f  Spin-Ze c o vc rg Farachut e s 

T a t 1  ;st;rac!iui;es .- T h s  zc t ion  ~f t a i l  parachutes i n  
e f f e c t h g  recovez-ies frm s-oins has Seen ?Iscussed i n  

I 

referense 1. 3r-iefly,  VI: th i m z  towlines (towlLnes 
lon,ser t',z;un 5 0  f e e t ,  f u l I  s c ~ l t ?  ) th8 p r a c h u t e  kowlfnes 
ten2 t o  i n c l i n e  toward t b e  s p i n  zlxls. G i t h  sho;.t tow- 
l i n e s  (less t l i m  20 f e e t ,  i?dl scals) the parachute 
tcwliiies tend t o  m m a l i i  a l insd  with t k e  fuselage axis. 
Kith towlines between 20 And 50 i'eet Icng, the parachr?tes 
u sua l iy  ~ i d e  gT-rcxinatelp OVBT the t a i l  of' the modal-, 
altkough they may ~ s c i l l a t s  fro:n th i s  p o s i t i o n .  
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Iieference 1 i n d i c a t e s  t h a t  as l;he towline may u s u a l l y  
i n c l i n e  away from the plane of  s p m e t r g  toward the iriner 
wins t i p ,  the ?arachute exe r t s  yawing as we l l  as  p i t c h i z g  
moments out t n a t  the eff 'ectivsness of' the parachute 
r e s u l t s  more f rom the an t i sp in  yawing monent t'nan f r o m  
the p i t ch ing  moxent Iiroduced. 

Outer wing-tip parachutes.- The t y p i c a l  a c t i o n  or" 
a parachute fas tened  t o  the o c t e r  wing t i p  i n  e f f e c t i n g  
recovery is  shown i n  f igu re  l o .  Frm.e 15 of f i g u r e  16 
and frames 22 and 3!4 o f  f'igure 19 show t h a t  the parachute 
towline tendeS: t o  i n c l i n e  away from the fuselage axis 
toward the v e r t i c a l  axis. Frame 20  of  f igu re  16 and 
frames 1 6  and 28 of f i gu re  1-9 show that the pal-achute 
towline gene ra l ly  tended t o  mmain na ra l l e l .  t o  the 
X - 7 ,  plane o f  the nodel, although the parachute d i d  
o s c i l l a t e .  The xotiox-picture records cf a l l  the t e s t s  
i n d i c a t e  that  bo th  r o l l i n g  and yawing momsnts were s e t  
up by the parachute. As a rnatter of i n t e r e s t ,  the e s t i -  
mated yawing and rolling moments con t r i3u ted  by parachutes 
were compared a i t h  corresporiding aonents  cont r iSutsd  by 
rudder r e v e r s a l  and f u l l  a i l e ron  d e f l e c t i o n .  The mc::isnts 
r e s u l t i n g  from ruci2:er and a i l e r o n  d e f l e c t i o n  were computed 
by use of average momsnt-soef;.Eicient values  for angles 

* of a t t a c k  i n  the spinning = . a g e  o b t a f m d  f r o n  f o x e  t e s t s  
on models of ot'ner a i rp l anes .  For  cases  i n  whish the 
o u t e r  wing-tip parachute was e f f e c t i v e ,  thf: rol . l ing- 
moyfient c o e f f i c i e n t  C L  due t o  the parachute was i n  the 
d i r e c t i o n  t o  roll the rnodel irztc the s p i n  anc2 var ie2 
from 0.610 t o  0.015, which i s  less than one-half the 
t y p i c a l  rolling-moment c o e f f i c i e n t  o f  0.03 developed by 
f u l l  a i l e r o n  de f l ec t ion .  The yawing-monent c o e f f i -  
c i e n t  Cn due t o  the parachute w a s  approxinxately equal  
t o  the t y p i c a l  yaivi;2g-noment Coef f i c i en t  of 0.015, which 
would Se exyected froin f u l l  r eve r sa l  o f  +&e rudder. 
The e f f e c t i v e n e s s  o f  :vfng-tip parachutes appears t o  
res:J.lt therefore  more frcm th~:  p w i n g  moments s e t  up 
Sy the parachute than  from the r c l l i n g  momsnts. 

plane i s  d i s t r i b u t e d  ch. isf ly  alolrg the  fuse lage ,  s e t t i n g  
the a i l e r o n s  with the s p i n  %ill assis t  recover ies  
cbta.fned by rudder remrsa l ,  vthereas whsn the mass i s  
d i s t r i b u t e d  c h i e f l y  g1or-i; !he wing, s e t t i n g  the a i l e r o n s  
with the sp in  may g r e a t l y  r e t a rd  r ecove r i a s .  A parachute 
a t tached  t o  tht? outer  ivivFng t i p ,  by I.nd.;lcing a pro-spin 
rol l in?;  moxner,t, i s  in e f f e c t  sLx~.:lating ths a i l e ron -  
with-svin confi.guratioi1 o f  the alryJlar,e. It mould be 

f 

Reference jL s t a t e s  that when the mass of an a i r -  
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expected, therefore, t h a t  =.eco-mries obtained by the use 
of a z ~  outer wing-tip parachute would be r e t a rded  by 
extarding mass along the wing of the a f rp lane ,  i f  t he  
yawing moment due t o  the parachute aid the yawing moment 
due t o  rudder r e v e r s a l  a r e  approximately equal. " h i 3  
adverse e f f e c t  of exteridliig rnass along the wiag w a s  
obtained f o r  models C and F, whereas for nod.els i: and E 
very l i t t l e  e f f e c t  on turns  f o r  recovery was obtained by 
change in d i s t r i b u t i o n  of mass. 

CONCLUSIONS 

R e s u l t s  o f  t e s t s  of spin-recovery parachutes made 
on six rnodels of t y p i c a l  f i g h t e r  arzd t r a i n e r  a i r p l a n e s  
t o  obtain d a t a  f o r  c o r r e l a t i n g  model end f u l l - s c a l e  
resill.ts inc ica ted the  following conclusions: 

I-. Parachutes were inore e f f e c t i v e  a3 spin-recovery 
devices when tkey w r e  a t tached  t o  the outer  wing t i 9  
i n  the spin than when the;. were a t tached  t o  the t a i l ,  
The diameter o f  t53 t a i l  parachute requi red  f o r  a 2-turn 
recovery by rsrackuto z c t i o n  a i o m  varied fpom 6.5 t o  
12.5 f e e t ,  whereas %e diameter of the ou te r  wing-tip 
parachute required f o r  a 2 - t u r n  rmamry ?mr partchute 
a c t i o n  alane vazied Wom-I?, t o  7 f e e t .  

2, When a p a r a w e -  AtacheC t o  t h e  inner  wing t i p  
i n  the spirr was  opened, the parachute vto-dd n o t  e f f e c t  
recovery. 

3 .  When p a r a c h t e s  a t t ached  to- both :ips were 
used, the p a r a c h c h  dmat;em requi red  were approximztely 
the same s i z e  as f o r  t z i l  -parachzltes. 

the  towline length  'je such that when f u l l y  extsnded the 
parachu_te just r h m s  both  the t a i l  and fuselage. 

4. For  w i q - t i . 2  parachutes i t  is recoxmended that 

5. For tail parackates the towline should be 

6. MeutrRli7.ing the- rudder  a t  the sane t ime  t h a t  

betmeen 211 and 5 0  f e e t  lone;. 

:&e tail parachute was op-lned gave f a s t e r  r ecove r i e s  
than vier2 ahtjined bp crpcnhg the parac31ute a l o n e .  
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7 .  For t-80 of Lhe f o u r  models t e s t e d  with var ied 
mass d i s t r i b u t i o n ,  extension o f  MEJ.SS d o n s  the wings 
had an adverse e f f e c t  on recoveries  aktempted by opening 
parachutes a t tached  t o  the oute7 wins t i p .  

t e s t  a l t i t u d e s  (10,G;iO and 20,300 f t )  sk,owcCi no  notiseaSle 
e f f e c t  o f  a change in a l t i t u d e  on the optirnum s i z e  of 
wing- t i p  o r  t a i l  parachute iaequfre;l f o r  s a t i s f a c t o r y  
r e  c o ve r y . 

8. Tests  c o n d m t e d  x i t h  C A ~  mode1 E t  two e q u i v d e n t  

Langley Meaor i a l  Aeronautical Laboratory 
National A d  vf s Qry C 0iiL.i t te e for deronau t i c s  

Lnngleg F ie ld ,  Va. 
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Zie model . t es t s  k d i c a t e  t h a t  for nodel  C ,  Tor 
exmple ,  a: Cj.O-foot parachute fastened. to  the tail 
will be required t o  e-?'fect a recovery i n  2 tu rns  by 
merely o p n i n g  the parachute. %is diameter i s  based 
on a drag c o e f f i c i e n t  CD of 0.73 f o r  the  parachute.  
If i t  i s  plmfie2 t o  iLse a pnrachute of siniilar shape 
but of a i f f e r e n t  ma te r i a l  so  t h a t  t h e  Fsrachute has  a 
drag  coe f f i c i en t  of 0.56, %he i r e 2  m~.st be l a r g e r  i n  
the m t i o  of 0.73/0.jG. The pszachuta d i m e t e r  m u s t  

therei'are be l a r g e r  i n  the r r t l o  - - 1.14, which 

g ives  a parachute diameter of 19.5 f s e t .  

0.73 - !/- o.56 
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TABLE I1 

irplane 

A 

A 

B 

C 

C 

D 

E 

E 

F 

F 

F 

MASS PARAMETERS OF MODIZS TESTED FOR NORBdAL AND 

ALTERNATE LOADINO C O N D I T I O N S  

Loading condition 

Normal 

Ix and Iz increased 
50 percent Ix 

Normal 

Normal 

Ix and IZ increased 
115 percent Ix 

Normal 

Normal 

Ix and Iz increased 
206 percent 

Normal 

Iy and Iz increased 
30 percent IY 

Ix and Iz increased 
124 percent IX 

4 x lo-’ 

125 

-6 

-43 

173 

-47 
-63 

170 

44 
-118 

82 

IY - Iz 
mb2 - 

-210 x 10-4 

-325 

-163 

-160 

-389 

-121 

-90 

-323 

-62 

4 

-2 06 

NATIONAL ADVISORY 
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12 - Ix 
mb2 

196 x 10-4 

200 

149 

203 

216 

188 

15 3 

153 

126 

182 

124 
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TABLB 111 

STEADY-SPIN CHARACTERISTICS O F  YODELS JUST PRIOR TO ATPEYPTED RECOVERIES 

[Controlr ret at  aileron8 neutral, naddor with the r p d  

Llrplane 

A 

A 

A 

A 

B 
B 

B 

C 

C 

C 

I) 

D 

D 

E 

E 

E 

E 

F 

F 

P 

F 

P 

-ing 
condltion 

____ 

Rudder 
defleo- 
tlOn 
(des 1 

30 

30 

30 

30 

30 

30 

30 

30 

30 
30 
30 

30 

30 
3s 
35' 
35 

35 

35 
35 
35 

35 

- 

35 

30 UP 

0 

20 d a m  

0 

jo UP 

0 

20 d o m  

35 UP 
0 

19 down 

30 UP 

0 

20 d u m  

25 UP 

0 

25 d m  

25 UP 

30 UP 

0 

20 d o m  

20 up 

20 UP 

kl 
39 
38 

40 

36 
38 
34 
u 
52 

51 
55 
53 
54 
41 
45 
Icl 

21 

36 
35 
36 

26 

38 
- 

'In dercribing #. u p.anr Inner rbg up; d, ianer wlng dam. 

20 
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TABLE I V  

FULL-SCALE PARACHUTE DIAMETERS REQUIRED FOR VARIOUS 

LOCATIONS OF PARACHUTE INSTALLATIONS TO , 

EFFECT RECOVERY F'ROM THE NORMAL- 

CONTROL-CONF'IGURATION S P I N  IP 

2 TURNS BY OPENINO 

THE PARACHUTES 

Model 

A 

B 

e .  
D 

E 

F 

Approximate dh?1~0t8r8 ( f t  ) 
required w i t h :  

Peachute 
fastened t o  . t a i l  

10.0 

9.0 

9.0 

12.5 

6.5 
9.0 

Paraohute 
fast  eneU t o  
outer wing 

t i p  

5 
7 
5 
5 
4 
5 

Parachute 
fastened to 
both wing 

t i p s  

> 7  
> 9  

9.0 

8 

> 6.5 
> 6  

' NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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E F F E C T  OF LOADINO VARIATIONS ON "URNS FOR RECOVERY OBTAINED BY OPElVlXO 

A PARACHUTE MOUNTED OM TAE OUTER WING TIP  

A i r p l u l c  

A 

A 

C 

C 

C 

C 

C 

B 

E 

F 

F 

F 

F 

bontrolr ret a t  aileron8 neutral, rudder 81th the a p t 4  

Lording 
condi t ions  

NO& 

Ix a d  Iz 
inareared by 
30 poroent Ix 

BOFmdL 

Ix Iz 
lncrusrod by 

115 peroeat Ix 

B m a l  

Ix md Sz 
lncm asbd b p 
Ll5 percent 5 

lornrl 

fx and Iz 
incre ased by 

206 percent fX 

BO- 

Ix md Iz 
lnoreawd by 

L 2 4  p r a e n t  

Iy and Iz 
hare aaed by 
30 percent Iy 

( f t )  

7.0 

7.0 

5.0 

5.0 

7.0 

7.0 

8.8 

5.6 

5 -6 

5.0 

5 .o 

6.5 

6.5 

Full-ocala 
parachute 
iiometer 

- 

- .~ 

Full-scale 
t o r l h e  
length 
(rt) 

10.0 

10.0 

17.0 

17.0 

17.0 

17.0 

17.0 

17.3 

17.3 

15.8 

15.8 

15.8 

15.8 

- 

Turns f o r  reooosry 

Elevator uz 
( a )  

1 1 t o  1- 4 
1 
2 

1- t o  2 

1 4 t o  15 

ran tam4 

p t o  1 

% t o  2 

1 t o  lz 

1 

1 

1 

+ t o t  

1 

1 

tom than 4 

1 

1 
2 
- 

E10 tator 
neutral 

values of the deflections o r  the elevator and rudder are g1-n in table 

NATIONAL ADVISORY 
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kirplana 

c .  

C 

C 

C 

E 

E 

F 

F 

F 

F 

F 
Iy md 12 

lncntued by 
30 percent Iy 

7.0 

7.0 

8.8 

8.8 

5*6 

5.6 

5.0 

5.0 

6 -5 

6.5 

6.5 

Yon thrpr 4 

3 t o  lz 1 

1 to 2 

Q1 

00 

00 

00 

Nom tL t 

go 

Mom than 4 

1 1 

a The value8 of the elevator and &der deflectlom are given in tablo 111. 
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hinge 

Thrust line 
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Figure 1.- Drawing  of model A used i n  the t e s t e  In the Langley 20- foot  
free-spinning tunnel .  Normal loading c o n d i t i o n .  
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Figure 2.-  Drawing of model B used i n  the t e a t s  In  the h n g l e y  20-foOt 
free-aplnnlng tunnel. Normal loadlng condltlon. 
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line 
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NATIONAL 3DVISORY 
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Figure 3.- Drawing of model C used in the teste in the Langley 20-foot 
I free-spinning tunnel. Normal loading condition. 
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Flgure 4.- Drawing of model D used l n  the t e s t s  In the  LengleY Z0-foot 
f ree-splnnlng tunnel . -  Norm81 loading aondlt lon.  

~ ~~ 
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NATIONAL ADVISORY 
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Figure 5.- Drawing of model E used i n  the t e s t e  i n  the Langley 20- foot  
free-epinning tunnel .  Normal l o a d i n g  c o n d i t i o n .  
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k elevator hingey 

hiny e 
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Figure 6 . -  Drawing ut model’F used i n  the t e s t s  i n  the langley 20-fOot 
tree-spinning tunnel. Normal loading condition. 
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Fig. 10 NACA ARR No. L5G19a 
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Fig. 12 NACA ARR No. L5G19a 
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Fig. 14 i J A C A  A R R  No. L5G19a 
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F i g u r e  16 . -  P h o t o g r a p h i c  
o f  a i r p l a n e  E s h o w i n g  

Fig. 16 

r e c o r d  o f  f r e e - s p i n n i n g  m o d e l  t e s t s  
a s a t i s f a c t o r y  r e c o v e r y  f r o m  t h e  

s p i n  e f f e c t e d  by o p e n i n g  a ? - f o o t  p a r a c h u t e  ( f u l l - s c a l e  
v a l u e )  a t t a c h e d  t o  t h e  o u t e r  w i n g  t i p  w i t h  a 1 7 - f o O t  
t o w l i n e  ( f u l l - s c a l e  v a l u e ) .  I A T I O I A L  ADVIIORT COMMITTEE ?OR ACROIAUTIC8 

L A I O L I l  MEUORIAL AEROIAUTICAL LABOUTORT - LAlbLE? ?IILD,  VA, 
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F i g u r e  18.- P h o t o g r a p h i c  r e c o r d  o f  f r e e - s p i n n i n g  m o d e l  t e s t s  
o f  a i r p l a n e  E s h o w i n g  a n  o u t e r - w i n g - t i p  p a r a c h u t e  a t t a c h e d  
d i r e c t l y  t o  t h e  w i n g  t i p  ( n o  t o w l i n e ) .  Frames 14 a n d  1 5  
show p a r a c h u t e  c o l l a p s e .  P a r a c h u t e  d o e s  n o t  e f f e c t  a 
s a t i s f a c t o r y  r e c o v e r y  f r o m  t h e  s p i n .  F u l l - s c a l e  p a r a c h u t e  
d i a m e t e r ,  4 f e e t .  

IATIOIAL ADVISOR? COMMITTEE FOR AEROIAUTICS 
LANOLET MEMORIAL AEROIAUTICAL LABORATORT - LAICLET FIELD, VA. 
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F i g u r e  19.-  P h o t o g r a p h i c  r e c o r d  o f  f r e e - s p i n n i n g  m o d e l  t e s t s  
o f  a i r p l a n e  E s h o w i n g  a p a r a c h u t e  a t t a c h e d  t o  t h e  o u t e r  
w i n g  t i p  w i t h  a l o n g  t o w l i n e  h i t t i n g  t h e  t a i l  s u r f a c e s .  
P a r a c h u t e  d i a m e t e r ,  4 f e e t :  t o w l i n e  l e n g t h ,  3 4 . 5  f e e t :  
( f u l l - s c a l e  v a l u e s ) .  

UATIONAL ADVISORT COYYITTEE ?OR AKROUAUTICS 
LANGLET YKYORIAL AERONAUTICAL LABORATORT - LANGLET FIELD, V I  
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F i g .  20 

F i g u r e  20.- P h o t o g r a p h i c  r e c o r d  o f  f r e e - s p i n n i n g  m o d e l  t e s t s  
o f  a i r p l a n e  D s h o w i n g  t h e  d i r e c t i o n  o f  s p i n  c h a n g i n g  f r o m  
r i g h t  t o  l e f t  b e c a u s e  o f  t h e  l a r g e  y a w i n g  moment o f  t h e  
w i n g -  t i  p p a r a c h u t e .  F u l l - s c a l e  p a r a c h u t e  d i a m e t e r ,  
5 f e e t .  

IATIORAL ADVI8OUI COYYITTLI FOB AIUOIAUTICI 
L A R O L I I  YIMORIAL AIUOIAUTICAL LABORATORY - L A X O L I I  IIILD. VA 
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Fig. 23  
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